Abstract. Following a world trend of education reform, China has launched a campaign of innovation and entrepreneurship education. To illustrate the effects of the campaign on science education, this article describes and analyzes the changes in educational ideology and practice, involving a wide range of funding and policy supporting, curriculum complement, teaching ability building, entrepreneurship supervision improvement, etc. Findings show that these tasks and measures surely not only bring about many opportunities and/or challenges to higher education institutions on their way of international and domestic competitions, but also for science education in particular. The conclusion is that an innovative campaign is changing the fabric of Chinese science education.
Introduction
Though a systematic and specific agenda at a national level has generated from exploratory practice of some Higher Education Institutions (HEIs) in the past decades, the conception of innovation education and innovative capability is put forward at the beginning of the 21 st century. In China, on the day of May 13 th , 2015, General Office of the State Council releases to the whole society an important circular, entitled Implementation Opinions on Deepening Innovation and Entrepreneurship Education Reforms and Colleges (OPINION), announcing a practical promotion of an innovation campaign to transit China's Higher Education from a knowledge-driven tradition to an innovation-driven model. According to the guidelines of OPINION, new tasks and measures for the innovation and entrepreneurship education (IEE) covers a wide range of talent-cultivation-quality standard improvement, talent cultivation mechanism innovation, IEE curriculum complement, teaching pedagogy and accountability reform, IEE practice strengthening, management system innovation, IEE teaching ability building, entrepreneurship supervision improvement, and IEE funding and policy supporting, etc. These tasks and measures surely will not only bring about many opportunities and/or challenges to HE institutions on their way of international and domestic competitions, but also for science education in particular.
Conceptual Framework Rebuilding
While science has its broad sense referring to the study of phenomena and events through systematic observation and experimentation, science education in China is traditionally operated in a narrow sense of educational activities merely relating to natural science education. Natural science education is composed of four perspectives: learning natural science (including integrated science) knowledge, skills, and methods; experiencing scientific exploration process and application process; enhancing understanding of relationships among science, technology and society, as well as instructing the nature of science and cultivating scientific spirit . Science education relates to 4 aspects of individual needs, social issues, employment preparation and further study [2] , conventionally restricted in academic fields of spirit, acknowledge and skills. For example, "science education cultivates students' curiosity about the world and enhances scientific thinking"
. In the version of definition by the government of Hong Kong Special Administrative Region, students' scientific thinking is emphasized and developed through the enquiry process featured with progressive learning activities of planning, measuring, observing, analyzing data, designing and evaluation procedures, and examining evidence. This kind of definition is a typical traditional interpretation of science education, with many a confederate in the past decades, focusing more on scientific knowledge construction rather than the practical process of the knowledge application. Science education has been strongly influenced by constructivist thinking [4] . For China's Higher Education, the day of May 13th, 2015 can be taken as a milestone date in its history of schooling. This day, OPINION has announced a practical promotion of an innovation campaign to transit China's Higher Education from a knowledge-driven tradition to an innovation-driven model. According to OPINION, an overround deepening of IEE reform is launched from the year of 2015, and supposed to make major advance by 2017 in perspectives of educational ideology, system construction, curriculum spreading, and entrepreneurship realization. Up to the year of 2020, an innovation-and-entrepreneurship higher education system is going to play roles, synthesizing scientifically classroom teaching, autonomous learning, probation and practice, supervision and assistance, and culture guidance. The expectation is that (1) talent cultivation quality will be significantly improved; (2) there are salient improvements in the innovation spirit, awareness and capacity of university students; (3) The number of students practicing entrepreneurship increases significantly.
Several reasons account for the introduction of OPINION on IEE from the State Council. Firstly, it is the urgent needs of the nation to maintain a successive economic development in terms of quality, efficiency, and upgrade. As many other countries have taken measures to improve their innovative capacity, China also realizes the importance of an innovation-driven strategy in pushing a transition of industrial structure from low-leveled manufacturing to a higher level of industrial ecology. China needs innovations to empower its core competitiveness in the international market. Secondly, IEE carries a hope of improving the quality of the tertiary education. As human resource is the key factor of innovation, innovation-driven economy is actually talent economy. Higher Education Institution (HEI) is the right place to produce labor resource and productive resource, hence undoubtedly the right place to develop IEE. Thirdly, just as pointed out by Premier Li Keqiang in the Government Work Report of 2015, innovations can bring about enormous wisdom, motives, and opportunities to interdisciplinary/multidisciplinary cooperation, which is critical for the science and technology reform. Lastly, with about 7 million graduates every year from HEIs and the slowing-down of economic increase, China's internal labor market is difficult to take in so many job-seekers. New positions and occupations must be explored and built to increase the employment rate. For the reasons above, the State Council publishes OPINION timely to direct and deepen the innovation and entrepreneurship education reform.
As the vice-president of Tsinghua University Yang Bing says, "OPINION is not merely for a campaign to start entrepreneurship of college students, rather it concerns the academic innovation, scientific research theories, and comprehensive quality training, etc. It helps to form rational cognition and action consciousness of teaching and learning. Only by improving the quality of personnel training and promoting the comprehensive qualities of all the students can Higher Education produce a high level of innovative entrepreneurial talents"
. IEE will become a sally port of Higher Education.
Curriculum System Reconstruction
Curriculum is the carrier of IEE. According to MOE officials' interpretation of OPINION, the practice of IEE should firstly adjust professional curriculum design according to the positioning of talent fostering and IEE goals and objectives, and how to make organic integration of professional education and IEE. By exploring and enriching IEE resources, IEE should be enhanced in the process of imparting professional knowledge and skills. The second measure is to open for all students both compulsory and selective courses of research method, academic frontier knowledge, the entrepreneur basics and employment guidance, etc. Take IEE courses into the credit system and construct IEE course groups characterized with progressive steps, organic links, scientific and rational educational ideology and methods. The third is to speed up the construction of quality IEE course informatization, open MOOCs, online video courses, and create authentication systems of online learning and credit authentication systems . In the past years, some universities have already pioneered some practice deserving reference. For example, Nanjing Normal University has conducted a "triangular organization" teaching reform, dividing the under-graduation learning into three stages of Broadening Training, Professional Training and Multi-element Training and 3 developmental paths of profession-academic, cross-recombination and employment-entrepreneurship. This reform offers opportunities for students to decide their own professions, courses, and developmental paths, leading to a real combination of IEE and professional education . In terms of IEE itself, Nanjing Normal University designs a multilevel and eurypalynous curriculum. In innovation education, it opens 182 freshman seminars, 107 high level courses for general education and 115 senior class seminars; while in entrepreneurship training it opens entrepreneur platform courses, professional courses, and flushbonding professional courses with IEE contents.
The same explorations happen in many universities and colleges, trying to break through traditional constrains and finding ways to integrate knowledge and practice. Beijing Jiaotong University has just built a 1000-square-meter IEE center for students to hold innovation and entrepreneurship activities. Student entrepreneurs there can obtain 10 to 50 thousand sponsorship from the university and enjoy a "green-channel" policy for the registration. About 40 thousand students in Helongjiang Normal University have received IEE training through 8200 innovation and entrepreneurship projects, where 380 entrepreneurship teams and entrepreneurs have appeared. Tianjing Normal University has set up Student Innovation and Entrepreneurship Center, which offers a set of service to students, helping them in the whole process of "Invention-Innovation-Entrepreneurship".
In perspective of teaching pedagogy, universities are advocated to share their experimental teaching resources, set up practice and training platform, and hold entrepreneurship contest of different levels. Standard courses of KAV and SYB are found to work side by side with local courses. General culture courses, professional basics, special professional knowledge, and supplementary knowledge, etc. are delivered through various practical projects. Discussion-based research methods are transformed into action-based research methods.
MOOCs and flipped teaching are blooming like buds after a spring rain. All these are bringing about a new era of opportunities for students to have a play full of their learning and innovation potentials.
Opportunities in Learning
What is IEE? In China, some people think IEE means firsthand practice, but not working behind closed doors. Other people say it is ability cultivation, rather than knowledge infusion. In an interview conducted by Zhang Suo , many experts and specialists emphasize that IEE is firstly a kind of ideology and spiritual cultivation. It is in nature a kind of quality education. Quality education aims to raise research ability of students. In an invited article written by Prof Sally Thomas for China Daily on November 23rd, 2011, it is recognized that "Apart from improving journal quality, another way to enhance educational and academic quality, identified by policymakers, practitioners and researchers across all key policy areas including science, technology, health and education, is to develop more widely the capacity to conduct high quality research"
[10]
. IEE advocates innovation spirit in scientific research, helps to arouse entrepreneurship awareness, and expects a significant enhancement of capacity in innovation and entrepreneurship (IE). This ideology is expressed clearly in OPINION, hasten parturition of many opportunities for students' scientific practice.
A good case is reported in China Daily
, entitled The Midas Touch of Northeastern University for Students' Innovation and Entrepreneurship. From the year of 2000, Northeastern University has practiced IEE by setting up IE credits, making IE capacity training plans, and building IE incentive mechanism, etc. For example, in Northeastern University, people can see a "smart" seat: it can walk on uneven terrains, automatically switching ways when up and down different stairs so as to adapt to any specifications. Its own gravity support system can automatically adjust the pose of the wheelchair in the process of up and down stairs to ensure users' safety. This chair is carefully developed by a student, Gong Jiale, into so called "multi-pose intelligent stair-climbing seat", which is his 17th invention patent project. This project has been evaluated as The Best Project of Liaoling Provincial Innovation and Entrepreneurship Annual Meeting, and wins a project of Shengyang Disabled Persons Federation. In fact, Gong Jiale's project is one of the thousands of IE projects of Northeastern University.
In Northeastern University, students can gain specific IE credits for their IE practice. That these credits can substitute for relevant course credits really helps to disboard constraints from traditional courses and gain more time and energy for IE. Just as Liu Siyang, a student from Grade 2011, says: "The reason why I can put my efforts in IE activities is that the university helps to disboard the pressure of course credits and save me more free time." Liu Siyang has got 8 Science and Technology Contest prizes, 5 national patents, and has now been recommended to receive post-graduate education in Zhejiang University for his IE achievements.
Besides, students in Northeastern University can enjoy a group of stimulant policies, from workload accounting of academic advisors to awarded credits for traditional courses, from scholarship recommendation and quality evaluation to postgraduates selection, from exempting learning and assessment to IE credit replacement, together with the overall arrangement of talent training. Northeastern University has made constant efforts to improve relevant backup policies, making the university a dreaming place of students' IE. Students are encouraged to take part in a series of IE festivals, namely, Originality Festival for Grade One, Science Popularization Festival for Grade Two, Science and Technology Festival for Grade Three, and Entrepreneurship Festival for Grade Four. Moreover, they can experience IE in various science and technology contests, entrepreneurship pioneer class, and other activities held step by step in accordance with the developmental rules of their age. The ramparts between The First Class (academic class) and the Second Class (outclass activities) are broken through so as to achieve an organic integration of classroom teaching, science popularization activities, project training and outclass contests. Various platforms and trial flight tracks are set up for students to practice IE and gradually become developed. In recent years, students of Northeastern University have won 2545 contest prizes of provincial or above levels, carried out more than 1200 IE projects, published over 700 academic articles, gained 289 national patents, and set up dozens of student entrepreneurs, etc. In 2015, the university has particularly 1000 square meters' room for an innovation dream factory, which is the biggest supercomputer center of the northeastern part of China. Students in Northeastern Universities are benefitting from IEE with their achievements and dreams.
The same story is happening in most Chinese universities. , all universities are required to set up IEE courses from 2016. Students are encouraged to seek for jobs in basic level governments, in fields centering on the national development strategy, and in newly developing fields. Second, some universities have set up IEE alliances, bases and committees to guarantee an administrative agenda. Good examples are Students High-tech Business Incubator of Beijing Normal University, Haier Maker Laboratory, Innovation-Originality-Entrepreneurship Platform of Tsinghua University, National University IE Practice Center, and National IEE Alliance, etc. In these places or organizations, supports of money, information, law business, financial business, employment and risk investments are offered by universities and societal institutes. Third, a motivating atmosphere of IE is created with various level of IE contests, clubs, forums, platforms, scholarships, actual combats and colleges. Last but not the least, IEE awareness and teaching skills are embedded in curriculum instructions. For example, Beijing University has set up IEE courses which require integration of knowledge, teachers and students from different traditional disciplines and colleges. Teachers adopt teaching methods characterized with inspiration, discussion and participation. Students learn IE knowledge and skills from classroom lectures, expert topical forums, MOOCs and autonomous platforms. Zhejiang University has opened over 30 IEE courses, enrolled IE administration classes, applied for entrepreneurship doctorate class, held Dandelion College Student Entrepreneurship Planning Contests, and started entrepreneurship tutorial plan. All these actions bring about great opportunities for students to receive IEE and develop their IE capacities.
Challenges in Teaching
Newly reports by the American Academy for the Advancement of Science (AAAS) (including Project 2061) and by the National Committee on Science Education Standards and Assessment detail goals for science education that link classroom science to practical applications and societal implications . In higher education, while policies can be published overnight for a nation-wide campaign of IEE, teaching to develop students' IE capacities is a long-term work which actually must overcome a lot of challenges.
Curriculum is both the carrier of teaching activities and the basic way to realize the goal of education. In IEE, curriculum construction is the core problem, for so far there is not a matured IEE curriculum formed as a system. In fact, entrepreneurship education courses and professional courses have not got integrated. Training of the entrepreneurship capacity has not been taken as part of the mainstream education system, which makes IEE disjointed with the discipline teaching and professional education. Second, in China a systematic entrepreneurship theory and practice has not yet formed. Most schools set up isolated IEE courses, not connected with other professional courses. Third, so far few unified teaching requirements and textbooks are published, due to factors such as schooling and teacher resources. Some universities and colleges open merely courses relating to marketing and entrepreneur running, piling up knowledge of economic management, accounting and laws in a simple way. So, it is really necessary for universities and colleges to explore a model for IEE curriculum construction . Interdisciplinary cooperation is another problem for IEE. In universities and colleges, traditional teaching teams are formed by administrative identity or course arrangement. IEE often requires teachers from different research dimensions or course teams to work together for an advanced technology, a cross-discipline issue, or an innovative project. How and who can play a leading role in the new formed working team? How to decide the leading position of a project? How to negotiate workload within a teaching group? How will the accountability team be performed? All these and other similar questions need a coordinate department, at least, to help organization the issue from the beginning or even throughout the whole process. So far, there are few universities found to own such a coordinate department. Many universities have set up IE colleges, yet mostly some kind of virtual institute, no fixed teaching staff or administrative force.
In terms of classroom teaching, though much has been emphasized to help cultivate students' creativity ability and critical thinking ability, there are no clear theories nor guide books telling how to teach for these two kinds of abilities. Discussions, inspirations, practices, projects are the words frequently mentioned in articles and reports to represent a student-centered teaching mode. However, teachers lack of practical ideas of how to give an IEE-driven class. Their teaching has no significant distinction with traditional course teaching. For even in the traditional courses focusing more on knowledge and skills, teaching methods has been discussed, experimented and developed all the way. Recently, some universities have held specific-post training activities and project-based learning activities to develop their teachers' own IEE awareness and teaching abilities. Also, some IE park welcome college teachers to work there. For example, East China University of Science and Technology has published a policy to encourage teachers work together with their students or schoolmates for IE business. The motivation of this policy is that only when teachers understand how to do IE can they understand how to teach IE. Of course, this IE practice is better related to teachers' own research dimension.
As to what to teach in IEE, it seems that universities have played a role of putting the cart before the horse. IEE is not a process for successful IE examples; rather, it is for IE capacities of all students. Teachers need to tell students what IE means and what qualities and knowledge is in need for a successful IE business. Teachers should help students understand the hardship of IE and access to the facts of societal events. Students need to grasp the core of IE, rather only the skills for earning money. This situation is also reported by many scholars, such as Zhai Jiyou [15] , Zhang Shiwei [16] , etc., finding that many universities adopt a money-plus-tutor method to help students' IE. Some even offer working sites for IE student groups. Yet, in the whole process, few care about how the project comes into being and how it can get succeeded. Some universities even select projects for sponsorships only from those which are already of some scale or achievement.
To universities of coastal cities, a pervasive practice at present is opening entrepreneurship colleges. Buildings as hardware are not difficult to build; however, it is hard to find the software of guidelines for next actions. Even worse is the severe shortage of qualified teacher resource. According to incomplete statistics, the proportion between teachers and students is about 1:2000 in the field of education. This proportion actually is even smaller in IEE. IE courses are different from the ordinary model of knowledge transfer, and prefer to an experience-sharing mode. It is more important to impart and cultivate understandings of the core value in business where moral education still is the base. A traditional teacher without systematic IEE training can not gain the qualities that an IE teacher has. That is why there is not enough IE teacher resource for most universities, not to say curriculum content, teaching modes, teaching evaluation and teaching materials or textbooks.
Conclusion
In a word, IEE has brought many opportunities and challenges to the present higher education in China. It is changing the old fabric of knowledge and skill based teaching mode into a practice and innovation based teaching reform. Students can enjoy a group of stimulant policies, from workload accounting of academic advisors to awarded credits for traditional courses, from scholarship recommendation and quality evaluation to postgraduates selection, from exempting learning and assessment to IE credit replacement, together with the overall arrangement of talent training. However, challenges come from curriculum construction, interdisciplinary cooperation, teaching contents and pedagogy.
IEE is a worldwide campaign, government departments should behave vigorously for institutional and policy innovation, and constantly improve on a system security to guide the direction of the "public entrepreneurship and people innovation", trying to make all labor, knowledge, technology, management and capital full of gushing vitality, and give full play to all sources of social wealth, let every business innovators have fair chance to realize their dreams.
Universities should take measures to enhance what has already achieved and make up what is in urgent need. Things as to improve talent-cultivation-quality standard improvement, talent cultivation mechanism innovation, teaching pedagogy and accountability reform, IEE teaching ability building, excellent technical personnel and welfare system are especially in need to improve the "craftsman" social status and their economic benefits so that more professionals can concentrate on their academic researches as well as teaching career for science education.
